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Small size, low weight and rugged environmental specifications characterize
embedded systems. PC/104 is an embedded system architecture that implements the
compact version of the PC (IS A and PCI) buses. The PC/104 architecture uses 104
pins for stacking different boards and eliminates the need for card edges and
backplanes.

Standardizing

hardware

and

software

around

PC

architecture

substantially reduces the development cost, time and risks involved.
The purpose of this study is to develop an environmentally rugged and portable
instrument based on the PC/104 architecture for measuring and recording voltage sags
as per the International Electrotechnical Commission (IEC) standards 61000-4-30 and
61000-2-8. Two different central processing units (CPU) for the instrument are
evaluated in terms of hardware setup, cost and performance. The overall performance
of the instrument using either CPU indicates that the instrument can be reliably used
to measure voltage sags.

DEDICATION
I would like to dedicate this research to my parents, brother, sister- in- law and niece who
inspired and helped me to pursue my higher education at Mississippi State University.

ii

ACKNOWLEDGMENTS
I would like to express my sincere gratitude to all those people who provided
a constant source of help and motivation throughout my work. First of all, I would
like to thank my major professor and advisor Dr. Mark Halpin. I will always
revere his patience, expert guidance and ability to solve intricate problems. He
made my pursuit of higher education a truly enjoyable and unforgettable
experience. I would also like to thank my committee members, Dr. Nick Younan
and Dr. Noel Schulz for the ir help and valuable time they spent in reviewing this
work. Finally, I would like to express my deepest appreciation to my relatives and
friends in India as well as at Mississippi State University for their blessings and
encouragement.

iii

TABLE OF CONTENTS
Page
DEDICATION.....................................................................................................

ii

ACKNOWLEDGMENTS ...................................................................................

iii

LIST OF TABLES ...............................................................................................

vi

LIST OF FIGURES .............................................................................................

vii

CHAPTER
I. INTRODUCTION.....................................................................................

1

Design considerations of embedded systems ............................................
Embedded systems application in power engineering...............................
Voltage sags- A power quality problem....................................................
Scope of this research................................................................................

2
5
6
8

II. VOLTAGE SAGS-A MEASUREMENT PERSPECTIVE ......................

10

Causes of voltage sags ...............................................................................
Technical terms and definitions .................................................................
Measurement of a voltage sag...................................................................
Reference voltage ......................................................................................
Threshold voltages.....................................................................................

10
11
13
14
15

III. HARDWARE DESIGN ASPECTS ..........................................................

18

PC/104 bus architecture.............................................................................
Central processing unit (CPU)...................................................................
Processors..............................................................................................
Random access memory........................................................................
Mass storage memory ...........................................................................
Standard I/O interfaces..........................................................................
CPUs used in the sag monitoring instrument ............................................
Power supply, video and network cards....................................................

19
21
21
22
24
25
26
29

iv

CHAPTER

Page

IV. DATA ACQUISITION AND THE HARDWARE SETUP ....................

33

Input and output capabilities of a DAC ...................................................
Analog input channels..............................................................................
Sampling rate ...........................................................................................
Resolution ................................................................................................
Range, polarity and gain ..........................................................................
DMM-32-AT A/D sampling methods .....................................................
FIFO and interrupt operation ...................................................................
Hardware setup ........................................................................................

33
34
35
36
36
39
40
42

V. SOFTWARE DESIGN ASPECTS ..........................................................

44

Operating system......................................................................................
Driver software ........................................................................................
Double buffered data acquisition.............................................................

44
46
48

VI. IMPLEMENTATION OF THE INSTRUMENT ....................................

53

Sag algorithm ...........................................................................................
Setting the program variables and the data acquisition parameters.........
Implementation of the IEC standards in the algorithm ............................

53
55
59

VII. INSTRUMENT PERFORMANCE .........................................................

62

Classes of performance ............................................................................
Test setup for the sag monitoring instrument ..........................................
Results ......................................................................................................
Analysis of the results..............................................................................
Variation in the sag duration....................................................................
Unpredictable retained voltage measurement for one cycle sags ............

62
63
65
70
71
74

VII. CONCLUSION........................................................................................

77

REFERENCES ..................................................................................................

79

v

LIST OF TABLES
TABLE

Page

3.1 Comparison of PCM-586 and MSMP3/SEV CPUs .............................
3.2 MSI-NC0070 power supply card features ............................................
3.3 MSMVGA video card features .............................................................
3.4 PCM-NE2000 features ..........................................................................
4.1 Input and output capabilities of a DAC ................................................
4.2 Analog input ranges ..............................................................................
4.3 DMM-32-AT specifications ..................................................................
4.4 Hardware based on the WinSystems CPU............................................
4.5 Hardware based on the MSMP3/SEV CPU..........................................
6.1 Data acquisition parameters used in the application.............................
7.1 Class A and class B measurement accuracy requirements ...................
7.2(a) Sag data recorded using the WinSystems CPU
(Retained voltage varying from 90% to 50%)..................................
7.2(b) Sag data recorded using the WinSystems CPU
(Retained voltage varying from 40% to 0%)....................................
7.3(a) Sag data recorded using the MSMP3/SEV CPU
(Retained voltage varying from 90% to 50%)..................................
7.3 (b) Sag data recorded using the MSMP3/SEV CPU
(Retained voltage varying from 40% to 0%)....................................

vi

27
30
31
32
34
37
38
42
42
56
63
66
67
68
69

LIST OF FIGURES
FIGURE
1.1
1.2
2.1
5.1
5.2(a)
5.2(b)
5.2(c)
5.2(d)
6.1
6.2
6.3
7.1
7.2
7.3
7.4
7.5
7.6(a)
7.6(b)

Page
Design compatibility.............................................................................
A typical embedded system organization .............................................
Voltage sag............................................................................................
Generic flow chart of a data acquisition application program..............
First half acquiring data ........................................................................
Data transfer in the first half, data acquisition in the second half.........
Data acquisition in the first half, data transfer in the second half.........
Data transfer in the first half, data acquisition in the second half.........
Sag monitoring and recording algorithm ..............................................
Transducer- instrument setup .................................................................
Sag monitoring based on the IEC standards .........................................
Setup for testing the voltage sag instrument .........................................
Data acquisition not beginning at the zero crossing .............................
Data acquisition beginning at the zero crossing ...................................
2 cycle sag with 90% retained voltage..................................................
One cycle, 0% retained voltage sag......................................................
Data acquisition not beginning at zero crossing ...................................
Data acquisition not beginning at zero crossing ...................................

vii

3
6
13
47
49
49
50
50
54
55
60
64
71
72
73
74
75
76

&+$37(5,
,1752'8&7,21
$Q HPEHGGHG V\VWHP FDQ EH GHILQHG DV D FRPELQDWLRQ RI FRPSXWHU KDUGZDUH DQG
VRIWZDUH DQG SHUKDSV DGGLWLRQDO PHFKDQLFDO DQG RWKHU SDUWV WR SHUIRUP D GHGLFDWHG
IXQFWLRQ,QVRPHFDVHVHPEHGGHGV\VWHPVFDQEHDSDUWRIDODUJHUV\VWHPRUDSURGXFW
>@ ,Q D EURDG VHQVH HPEHGGHG V\VWHPV FDQ EH FRQVLGHUHG DV FRPSXWHUV GHVLJQHG IRU
VSHFLILF DSSOLFDWLRQV +RZHYHU WKHUH DUH PDQ\ EDVLF GHVLJQ GLIIHUHQFHV EHWZHHQ
HPEHGGHG V\VWHPV DQG FRQYHQWLRQDO SHUVRQDO FRPSXWHUV 3&V  6RPH RI WKH GLVWLQFW
DWWULEXWHVRIHPEHGGHGV\VWHPVDUH>@
• • $GHGLFDWHGSURFHVVRUWKDWPD\EHVSHFLILFDOO\GHVLJQHGIRUWKHDSSOLFDWLRQ
• • $SSOLFDWLRQVSHFLILFVRIWZDUHWKDWPD\QRWHYHQXVHDQRSHUDWLQJV\VWHP
• • 2IWHQQRVWDQGDUGNH\ERDUG
• • /LPLWHGRUQRGLVSOD\FDSDELOLW\
• • 'HVLJQHGWRUHDFWWRH[WHUQDOSHULRGLFDQGRUDSHULRGLFHYHQWV
• • 'HVLJQHGWRRSHUDWHLQDUHDOWLPHHQYLURQPHQW
(PEHGGHG V\VWHPV KDYH EHFRPH XELTXLWRXV GXH WR WKH ZLGH UDQJH RI IXQFWLRQDOLW\
WKH\ SURYLGH $ UHFHQW VXUYH\ RQ WKH VDOH RI PLFURSURFHVVRUV ZRUOGZLGH KDV LQGLFDWHG
WKDW ZKLOH WKH QXPEHU RI SHUVRQDO FRPSXWHUV VKLSSHG HDFK \HDU H[FHHGV  PLOOLRQ
XQLWVWKHQXPEHURIHPEHGGHGPLFURSURFHVVRUVVKLSSHGHDFK\HDUPD\H[FHHGELOOLRQ
XQLWV >@ 7KHVH QXPEHUV VXJJHVW WKH RYHUZKHOPLQJ SUHVHQFH RI HPEHGGHGV\VWHPV LQ
WRGD\¶VWHFKQRORJ\VDYY\ZRUOG:KLOHWKH3&PDUNHWKDVVWDJQDWHGLQUHFHQW\HDUVWKH




HPEHGGHG V\VWHPV PDUNHW LV JURZLQJ HYHU\ \HDU )URP DQ DSSOLFDWLRQV SHUVSHFWLYH
HPEHGGHGV\VWHPVFDQEHEURDGO\FDWHJRUL]HGLQWRIRXUW\SHV>@
 *HQHUDOFRPSXWLQJ
• • $SSOLFDWLRQVVLPLODUWRGHVNWRSFRPSXWLQJEXWLQDQHPEHGGHGSDFNDJH
• • 9LGHRJDPHVDXWRPDWLFWHOOHUV
 &RQWUROV\VWHPV
• • &ORVHG ORRSIHHGEDFNFRQWURORIDUHDO WLPHV\VWHP
• • $XWRPRELOHVFKHPLFDOSURFHVVHVSRZHUSODQWVIOLJKWFRQWURO
 6LJQDOSURFHVVLQJ
• • &RPSXWDWLRQVLQYROYLQJODUJHGDWDVWUHDPV
• • 5DGDUVRQDUYLGHRFRPSUHVVLRQ
 &RPPXQLFDWLRQDQGQHWZRUNLQJ
• • 7HOHSKRQHV\VWHP,QWHUQHW
• • 6ZLWFKLQJDQGLQIRUPDWLRQWUDQVPLVVLRQ

'HVLJQFRQVLGHUDWLRQVRIHPEHGGHGV\VWHPV
+DUGZDUH VRIWZDUH DQG DSSOLFDWLRQ DUH WKH WKUHH GHVLJQ VHJPHQWV LQYROYHG LQ
GHYHORSLQJ DQ HPEHGGHG V\VWHP +DUGZDUH DQG VRIWZDUH VHJPHQWV PXVW EH FRPSDWLEOH
ZLWK HDFK RWKHU $Q DSSOLFDWLRQ GHVLJQ LV WKH LQWHJUDWLRQ RI WKH KDUGZDUH DQG VRIWZDUH
GHVLJQV
$ KDUGZDUH GHVLJQHU HPSKDVL]HV SURFHVVRU VSHHG WKURXJKSXW YRODWLOH DQG VWRUDJH
PHPRULHV ,2 FRQQHFWLRQV SRZHU VXSSO\ DQG RWKHU KDUGZDUH XVHG IRU DQ DSSOLFDWLRQ



)URPDVRIWZDUHHQJLQHHU¶VYLHZSRLQWWKHRSHUDWLQJV\VWHPFRPSLOHUDQGSURJUDPPLQJ
ODQJXDJH XVHG IRU GHYHORSLQJ HPEHGGHG DSSOLFDWLRQV DUH LPSRUWDQW IDFWRUV 0DQ\
HPEHGGHGDSSOLFDWLRQVDUHYHU\FRPSOH[LQQDWXUHDQGQHHGKLJKSURFHVVRUVSHHGODUJH
YRODWLOH DQG VWRUDJH PHPRULHV D VWDEOH RSHUDWLQJ V\VWHP DQG KLJK OHYHO SURJUDPPLQJ
ODQJXDJHVXSSRUW)LQDOO\DQDSSOLFDWLRQ HQJLQHHUPXVWEHDEOHWRFRPELQHWKHKDUGZDUH
DQG VRIWZDUH IHDWXUHV WR PDNH WKH HPEHGGHG DSSOLFDWLRQ ZRUN UHOLDEO\ DQG HIILFLHQWO\
7KLV UHTXLUHV LQGHSWK NQRZOHGJH RI WKH DSSOLFDWLRQ DQG WKH HQJLQHHULQJ IXQGDPHQWDOV
LQYROYHG 7KH PXWXDO UHODWLRQVKLS EHWZHHQ WKH WKUHH GHVLJQ SKDVHV LV VKRZQ LQ )LJXUH


)LJXUH'HVLJQFRPSDWLELOLW\

0XWXDOO\
FRPSDWLEOH
6RIWZDUH

+DUGZDUH

$SSOLFDWLRQ

(PEHGGHG V\VWHPV DUH XVHG LQ KHWHURJHQHRXV DSSOLFDWLRQV LQ YDVWO\ GLIIHUHQW
HQYLURQPHQWV 7KLV IDFW SRVHV VRPH XQLTXH DQG FKDOOHQJLQJ SUREOHPV WR KDUGZDUH
VRIWZDUHDQGDSSOLFDWLRQGHVLJQHQJLQHHUV7KHPRVWLPSRUWDQWGHVLJQFRQVWUDLQWVDUH
• • 6L]HDQGZHLJKW



• • (QYLURQPHQW
• • 3RZHUUHTXLUHPHQW
• • &RVWVHQVLWLYLW\
• • 6DIHW\DQGUHOLDELOLW\
(PEHGGHGV\VWHPVVKRXOGEHVPDOOLQVL]HDQGORZLQZHLJKW,Q PDQ\DSSOLFDWLRQV
HPEHGGHG V\VWHPV DUH XVHG LQ KDQGKHOG HOHFWURQLFV DUH SDUW RI D ODUJHU V\VWHP RU DUH
SODFHGLQREVFXUHORFDWLRQVWKDWGHPDQGVWULQJHQWVL]HDQGZHLJKWUHTXLUHPHQWV
0RVWRIWKHHPEHGGHGV\VWHPVQHHGWRRSHUDWHLQKDUVKHQYLURQPHQWDOFRQGLWLRQVOLNH
H[WUHPH WHPSHUDWXUHV ZDWHU FRUURVLRQ DQG YLEUDWLRQV $OO WKH FRPSRQHQWV LQ DQ
HPEHGGHGV\VWHPVKRXOGKDYHSURSHUWKHUPDOPHFKDQLFDOYROWDJHDQGFXUUHQWUDWLQJVWR
ZLWKVWDQG WKH DSSOLFDWLRQ (QYLURQPHQWDO FRQVLGHUDWLRQV DUH RIWHQ WKH PRVW FULWLFDO
SDUDPHWHUVLQGHVLJQLQJHPEHGGHGV\VWHPV
(PEHGGHG V\VWHP VKRXOG KDYH ORZ SRZHU FRQVXPSWLRQ 0RVW RI WKH HPEHGGHG
DSSOLFDWLRQV XVH EDWWHULHV ZKLFK KDYH OLPLWHG OLIH (YHQ LI DQ $& SRZHU VXSSO\ LV
DYDLODEOHOLPLWHGFRROLQJPD\UHVWULFWKLJKHUSRZHUFRQVXPSWLRQ
$OWKRXJKHPEHGGHGV\VWHPVQHHGWRPHHWVWULQJHQWUHTXLUHPHQWVFRVWRSWLPL]DWLRQLV
DOPRVWDOZD\VDQLVVXH)RUH[DPSOHFRPSRQHQWVZLWKKLJKHUWKHUPDOUDWLQJWHQGWREH
FRVWO\EXWDFKHDSSLHFHRIKDUGZDUHPD\IDLODWH[WUHPHWHPSHUDWXUHV7UDGHRIIVEHWZHHQ
V\VWHP UHOLDELOLW\ DQG FRVW PD\ EH QHFHVVDU\ LQ WKH KDUGZDUH DQG DSSOLFDWLRQ GHVLJQV
7KHUH DUH KRZHYHU VRPH FULWLFDO DSSOLFDWLRQV IRU H[DPSOH ILJKWHU SODQHV DQG PHGLFDO
HTXLSPHQW  ZKHUH HPEHGGHG V\VWHPV PXVW RSHUDWH FRUUHFWO\ 6DIHW\ DQG UHOLDELOLW\ DUH
PRUHLPSRUWDQWLVVXHVWKDQFRVWUHGXFWLRQLQVXFKDSSOLFDWLRQV

5

Embedded systems applications in power engineering
Embedded systems are being extensively used in different fields of power
engineering. Digital relays use embedded systems for fault detection in power systems. A
digital relay embedded system must be fast, intelligent, reliable and accurate to be used
effectively. Unreliable operation may cause damage to equipment and personnel and false
tripping. Embedded controllers are also used in speed control of motors, switch- mode
power supplies and switching of capacitor banks. Any problem with the embedded
system may cause mechanical and/or electrical problems in the system.
Modern revenue meters use embedded processors and data acquisition systems for
measuring complex, active and reactive powers, power factor and other parameters. Such
a metering system must be accurate enough to measure correct values of the quantities.
Any inaccuracies will result in either customers paying higher bills or utilities losing
revenues. Embedded systems are also used in monitoring and recording voltages and
currents over an extended period of time. Such applications are used in collecting data for
statistical studies or resolving conflicts between a utility and a customer.
Embedded systems in power applications are subjected to a wide range of operating
conditions. They may be used in a control room, in a generator-turbine unit, in a substation or in a customer’s backyard. An application designer has to choose suitable
hardware and software for the intended application. Although intended for different end
uses, the typical embedded system configuration for power applications remains the
same. This configuration is shown in Figure 1.2
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Figure 1.2 A typical embedded system organization
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An embedded system can be used to monitor either single phase or three phase
voltages using the setup shown in Figure 1.2. In particular, a monitor can be built to
detect and record a temporary reduction in voltage(s) below a threshold at any point in an
electrical system. This is discussed further in the next section.
Voltage sags – A power quality problem
Power quality can be quantified by a set of characteristics of voltages and currents at
a given point on an electrical system evaluated against a set of reference parameters [4].
A power supply system can only control the quality of voltage and has no control over
the currents that a load may draw. Therefore power quality of a supply system is really

7

the quality of the supply voltage (single phase or three phase) at a given point in the
system. Voltage sags, swells, harmonics, flicker and voltage unbalance (in multiphase
systems) are the major power quality problems associated with supply voltages. A
voltage sag (also referred to as a voltage dip) is defined as a temporary reduction of the
voltage below a threshold at a point in the electrical system [4].
Voltage sags are the most common yet least avoidable power quality problem faced
by utilities all over the world. In recent years, utilities have been faced with rising
numbers of complaints about voltage sags. This is due to the fact that more loads are
sensitive to voltage sags today than they were just a few years ago. Many applications use
sensitive electronic circuitry and microprocessors. Industries are relying more and more
on automated equipment to increase productivity. A voltage sag may reset controllers and
the controlled process may take significant time to re-start. In some processes like
semiconductor device fabrication, processes may have to be restarted all over again and a
lot of raw material may be wasted. Even one voltage sag can result in significant loss in
terms of productivity, time and money. Utilities and customers spend a significant
amount of money and engineering effort to minimize the number of sags within their
power systems.
Sag monitoring equipment can be used to measure sags and their attributes over a
period of time that may vary from a few days to many months. Monitoring can be done at
all the locations in a system. The data from each location can be statistically analyzed to
find which locations are more vulnerable to sags and which sag locations are more



GHWULPHQWDO WR WKH V\VWHP $ VDJ PRQLWRU EDVHG RQ DQ HPEHGGHG V\VWHP GHVLJQ ZKLFK
FDQGHWHFWDQGUHFRUGVDJVLVWKHIRFDOSRLQWRIWKHZRUNUHSRUWHGLQWKLVWKHVHV

6FRSHRIWKLVUHVHDUFK
7KH ZRUN ZKLFK LV UHSRUWHG LQ WKLV WKHVLV ZDV LQLWLDWHG ZLWK WKH LQWHQW WR EXLOG DQ
HQYLURQPHQWDOO\ UXJJHG DQG SRUWDEOH LQVWUXPHQW IRU PRQLWRULQJ DQG UHFRUGLQJ YROWDJH
VDJVXVLQJDQHPEHGGHGV\VWHPDUFKLWHFWXUH7KHLQVWUXPHQWZDVFRQFHSWXDOL]HGZLWKWKH
IROORZLQJJRDOVLQPLQG
 ,WVKRXOGEHFRPSDFWLQVL]HDQGOLJKWLQZHLJKWWRPDNHLWSRUWDEOH
 ,WVKRXOGEHDEOHWRZLWKVWDQGH[WUHPHWHPSHUDWXUHVYLEUDWLRQVDQGSK\VLFDOLPSDFWV
 ,WVKRXOGKDYHDOPRVWDOOWKHFDSDELOLWLHVWKDWDUHDYDLODEOHIRUDVWDQGDUG3&7KHVH
LQFOXGH
• • $SURFHVVRU
• • (QRXJKYRODWLOHPHPRU\ 5$0 IRUDSSOLFDWLRQSURJUDPV
• • 6XIILFLHQWVWRUDJHPHPRU\WRVWRUHDSSOLFDWLRQSURJUDPVDQGUHFRUGHGGDWD
• • $SRZHUVXSSO\
• • 2SWLRQVIRUVWDQGDUG,2SRUWVIORSS\GULYH&'LQWHUIDFHDQGQHWZRUNFDUG
• • $QDQDORJWRGLJLWDOGDWDDFTXLVLWLRQFDUGIRUVFDQQLQJWKHDQDORJYROWDJHV
,Q VKRUW WKH LQVWUXPHQW VKRXOG EH DQ HPEHGGHG YHUVLRQ RI D IXOOEORZQGHVNWRS3&
ZLWKGDWDDFTXLVLWLRQFDSDELOLW\,WLVLQWHQGHGWREHXVHGDWDQ\VDJPRQLWRULQJORFDWLRQ
ZKLFK FRXOG EH DQ LQGXVWULDO SODQW D FRPPHUFLDO EXLOGLQJ D UHVLGHQWLDO ORFDWLRQ RU D
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substation. The instrument could be placed indoors in a controlled environment or
outdoors under harsh environmental conditions.
The development of this instrument is discussed in the rest of the document. Various
technical terms associated with voltage sags, sag characteristics and sag- measuring
methods are discussed in Chapter II. In particular, the International Electrotechnical
Commission (IEC) standards for measuring voltage sags are discussed in this chapter.
The method suggested in these standards was implemented on the sag- measuring
instrument.
The instrument design from a hardware engineer’s point of view is presented in
Chapter III. PC/104, one of the most common embedded system bus architectures,
different PC/104 based hardware components and their attributes are also discussed in
Chapter III. Basic concepts used in data acquisition process and the data acquisition card
that is used in the instrument are described in Chapter IV. Operating system, compiler
and software design issues are discussed in Chapter V. The instrument design is
discussed from a software engineer’s point of view in this chapter. The instrument design
from a power engineer’s perspective is presented in Chapter VI and the testing
methodology,

results

and

their

validation

are

discussed

in

Chapter

VII.
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7KH WZR LVVXHV WKDW PXVW EH DGGUHVVHG LQ VWXG\LQJ YROWDJH VDJV DUH ZKLFK
TXDQWLWLHV WR PHDVXUH DQG KRZ WR PHDVXUH WKHP ,((( GRHV QRW DGGUHVV WKHVH
PHDVXUHPHQWLVVXHVGLUHFWO\EXWWKH,(&VWDQGDUGVDQG>@JLYH
FRPSUHKHQVLYH WUHDWPHQW WR WKHVH LVVXHV 7KH YROWDJH VDJ PHDVXULQJ PHWKRG
UHFRPPHQGHG LQ WKHVH VWDQGDUGV LV LPSOHPHQWHG RQ WKH VDJ PRQLWRULQJ DQG UHFRUGLQJ
LQVWUXPHQWXVLQJDQHPEHGGHGV\VWHPSODWIRUP9DULRXVWHFKQLFDOWHUPVDQGGHILQLWLRQV
XVHGLQWKH,(&VWDQGDUGVIRUVDJPHDVXUHPHQWDUHH[SODLQHGLQWKLVFKDSWHU)LUVWVRPH
FRPPRQFDXVHVRIYROWDJHVDJVRXWOLQHGLQWKH,(&VWDQGDUGDUHGLVFXVVHG

&DXVHVRIYROWDJHVDJV
7KHSULPDU\FDXVHVRIYROWDJHVDJVDUHWKHHOHFWULFDOVKRUWFLUFXLWVDQGVZLWFKLQJ
RIODUJHORDGVWKDWPD\RFFXUWKURXJKRXWWKHHOHFWULFLW\VXSSO\V\VWHP7KHVKRUWFLUFXLWV
DUH DQ XQDYRLGDEOH RFFXUUHQFH RQ SRZHU V\VWHPV $ VKRUW FLUFXLW SULPDULO\ LQYROYHV D
EUHDNGRZQLQWKHGLHOHFWULFEHWZHHQWZRVWUXF WXUHVWKDWDUHLQWHQGHGWREHLQVXODWHGIURP
HDFKRWKHUDQGDUHPDLQWDLQHGDWGLIIHUHQWSRWHQWLDOVXQGHUQRUPDORSHUDWLQJFRQGLWLRQV
7KHGLHOHFWULFEUHDNGRZQFDQEHGXHWR>@
• • $WPRVSKHULF HYHQWV OLNH OLJKWQLQJ ZLQG VWRUPV VQRZ DQG GHSRVLWLRQ RI VDOW RU
DWPRVSKHULFSROOXWDQWVRQLQVXODWRUV




• • 0HFKDQLFDO GDPDJH GXH WR FRQWDFW E\ YHKLFOHV FRQVWUXFWLRQ HTXLSPHQW H[FDYDWLRQ
HTXLSPHQWDQLPDOVDQGELUGVJURZLQJWUHHVHWF
• • 'HWHULRUDWLRQZLWKDJH
• • 6ZLWFKLQJ RI ODUJH ORDGV DQG VWDUWLQJ RI ODUJH PRWRUV FDQ SURGXFH ODUJH FKDQJHV LQ
FXUUHQWV VLPLODU WR VKRUW FLUFXLW :KDWHYHU PD\ EH WKH FDXVH RI D YROWDJH VDJ LW FDQ EH
FRPSOHWHO\ GHVFULEHG E\ D VHW RI SDUDPHWHUV DQG WKHLU DWWULEXWHV 7KHVH SDUDPHWHUV DUH
GHVFULEHGLQWKHQH[WVHFWLRQ

7HFKQLFDOWHUPVDQGGHILQLWLRQV
(OHFWULFDO TXDQWLWLHV LQYROYHG LQ PHDVXUHPHQW DQG LQWHUSUHWDWLRQ RI YROWDJH VDJV DUH
GHILQHG LQ WKH ,(&  VWDQGDUG 7KH WHFKQLFDO WHUPV DQG WKH PHWKRG RI
PHDVXUHPHQWGHVFULEHGLQWKHVWDQGDUGPDNHLWSRVVLEOHWRREWDLQUHOLDEOHUHSHDWDEOH DQG
FRPSDUDEOH UHVXOWV UHJDUGOHVV RI WKH FRPSOLDQW LQVWUXPHQW EHLQJ XVHG 7KH WHFKQLFDO
WHUPVXVHGLQVDJPHDVXUHPHQWDUH

• • 5RRW PHDQ VTXDUH 506  7KH VTXDUH URRW RI WKH PHDQ RI WKH VTXDUHV RI WKH
LQVWDQWDQHRXVYDOXHVRIDTXDQWLW\WDNHQRYHUDVSHFLILHGWLPHLQWHUYDO
• • 9ROWDJHGLS$YROWDJHGLSRUVDJLVDVXGGHQUHGXFWLRQLQYROWDJHDWDSDUWLFXODUSRLQW
RQ DQ HOHFWULFLW\ VXSSO\ V\VWHP EHORZ D GLS WKUHVKROG IROORZHG E\ LWV UHFRYHU\ DIWHU D
EULHI LQWHUYDO $ YROWDJH VDJ LV D WZR GLPHQVLRQDO GLVWXUEDQFH WKH OHYHO RI ZKLFK LV
GHWHUPLQHGE\ERWKYROWDJHDQGWLPHGXUDWLRQ
• • 'LSWKUHVKROG$UPVYDOXHRIYROWDJHVSHFLILHGIRUWKHSXUSRVHRIGHILQLQJWKHVWDUW
RUHQGRIDYROWDJHGLS



• • 5HIHUHQFH YROWDJH $ YROWDJH YDOXH RI WKH VXSSO\ V\VWHP RQ ZKLFK VDJ GHSWKV
WKUHVKROGVDQGRWKHUYDOXHVDUHH[SUHVVHGRQDSHUFHQWDJHEDVLV

• • 9ROWDJH LQWHUUXSWLRQ 7KLV LV D SDUWLFXODU W\SH RI YROWDJH GLS ZKHQ WKH YROWDJH
VXGGHQO\ UHGXFHV EHORZ DQ LQWHUUXSWLRQ WKUHVKROG DQG LV UHVWRUHG EDFN DIWHU D EULHI
LQWHUYDO

• • ,QWHUUXSWLRQ WKUHVKROG 7KLV LV DQ UPV YDOXH RI WKH YROWDJH RQ DQ HOHFWULFLW\ V\VWHP
VSHFLILHG DV D ERXQGDU\ VXFK WKDW YROWDJH GLSV EHORZ WKLV YDOXH DUH FODVVLILHG DV
LQWHUUXSWLRQV$QLQWHUUXSWLRQWKUHVKROGLVVHWWRDERXWRIWKHUHIHUHQFHYROWDJHDQGLV
VLJQLILFDQWO\ORZHUWKDQWKHFRUUHVSRQGLQJGLSWKUHVKROGIRUWKHV\VWHP

• • 506YDOXHRILQSXWYROWDJH7KHUPVYDOXHRIDYROWDJHLVPHDVXUHGRYHUDF\FOHDQG
UHIUHVKHG HDFK KDOI F\FOH 7KXV D QHZ UPV YDOXH RI WKH LQSXW YROWDJH FDQ EH REWDLQHG
HYHU\KDOIF\FOHLHDERXWHYHU\PVIRUD+]LQSXWZDYH,(&VWDQGDUGVGHQRWH
WKLVYDOXHE\8UPV  
••

5HWDLQHGYROWDJH7KLVLVWKHPLQLPXPYDOXHRI8UPV  UHFRUGHGGXULQJDYROWDJH

GLSRULQWHUUXSWLRQ5HWDLQHGYROWDJHFDQEHH[SUHVVHGDVDYDOXHLQYROWVDVDSHUFHQWDJH
RUSHUXQLWYDOXHRIWKHGHFODUHGLQSXWYROWDJH5HWDLQHGYROWDJHDQGWKHRWKHUGHILQLWLRQV
DUHXVHGWRH[SODLQWKHPHWKRGRIPHDVXULQJYROWDJHVDJV$YROWDJHVDJLVLOOXVWUDWHGLQ
)LJXUH  WR IXUWKHU FODULI\ WKH GHILQLWLRQV RI UHIHUHQFH YROWDJH WKUHVKROG YROWDJH
UHWDLQHGYROWDJHDQGVDJGXUDWLRQ
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Figure 2.1 Voltage sag
Reference
voltage
Input
voltage
Threshold
voltage
Sag
duration

Retained
voltage

Threshold voltage and retained voltage are expressed in terms of
the reference voltage.

Measurement of a voltage sag
A voltage dip begins when the Urms(1/2) voltage falls below the dip start threshold and
ends when the Urms(1/2) voltage is equal or above the dip end threshold. A pair of data,
retained voltage and duration, characterizes a voltage dip.
The smallest value of Urms(1/2) measured during the dip is called the “retained voltage”
and is denoted by Uret . Uret may be expressed either as the value to which the voltage is
depressed or in terms of percentage the reference voltage.
The duration of a dip is the time difference between the beginning and the end of
voltage sag. This can be expressed either in terms of the number of cycles for which a sag
lasts or in milliseconds. Thus a 2-cycle 80% sag means that the sag duration was 2 cycles
and Uret recorded was 80% of the reference voltage. Smaller Uret and longer sag duration
imply a more severe sag. Sag monitors are often placed at different locations to measure
these two parameters.
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Voltage interruptions can also be expressed in terms of the smallest magnitude and
duration. For voltage interruptions, Uret magnitudes would be much smaller as compared
to the sag magnitudes. For measuring voltage sags as well as interruptions, reference and
threshold voltages must be set. This is considered in the next section.
Reference voltage
The reference voltage selected for sag measurements is conventionally based on the
nominal or declared system voltage at the observation point. The reference voltage can be
either fixed or sliding. In the case of a fixed reference, the voltage magnitude is generally
the nominal or declared voltage. A fixed reference is especially useful when the matter of
interest is the possible effect on utilization equipment. The voltage at the utilization
equipment does not vary much from the nominal value under normal conditions.
Therefore, the reference voltage for measurements on low voltage networks is usually the
normal or declared voltage at the observation point.
In the case of medium and high voltage distribution networks, the nominal
voltage range varies depending on the operating conditions (for example transformer tap
setting) of the network at that point of time. In such networks it is preferable to measure a
voltage dip relative to the preceding voltage (before the dip) to find the voltage dip. This
necessitates the use of a sliding reference. In the case of a sliding reference, the voltage
magnitude is averaged over a specified interval, much longer than the duration of a
voltage dip, and used to represent the voltage preceding a voltage dip.
According to the IEC standard 61000-4-30, the rms value of the sliding reference
voltage is calculated over a 12-cycle time window for 60Hz power systems. Each 12-



F\FOH LQWHUYDO LV FRQWLQXRXV FRQWLJXRXV DQG QRQRYHUODSSLQJ :KHQ D QHZ F\FOH
LQWHUYDOYDOXHLVDYDLODEOHWKHVOLGLQJUHIHUHQFHLVXSGDWHGXVLQJHTXDWLRQ  

865 Q  • 865 Q • 8  UPV«



,QHTXDWLRQ  865 Q  LVWKHSUHVHQWYDOXHRIWKHVOLGLQJUHIHUHQFHYROWDJH865 Q LV
WKH SUHYLRXV YDOXH RI WKH VOLGLQJ UHIHUHQFH YROWDJH DQG 8 UPV  LV WKH PRVW UHFHQW 
F\FOHUPVYDOXH7KHLQLWLDOYDOXHRIWKHVOLGLQJUHIHUHQFHYROWDJHLVVHWWREHHTXDOWRWKH
UDWHG RU QRPLQDO YROWDJH 7KH VOLGLQJ UHIHUHQFH LV XSGDWHG HYHU\ F\FOHV ZKHQ D QHZ
YDOXH RI 8 UPV LV DYDLODEOH 7KLV FRUUHVSRQGV WR ILQGLQJ PRYLQJ DYHUDJH RYHU D 
F\FOH SHULRG 7KH VOLGLQJ UHIHUHQFH YROWDJH LV QRW XSGDWHG GXULQJ D VDJ SHULRG :KHQ D
VDJLVRYHUWKHPRYLQJDYHUDJHFDOFXODWLRQVWDUWVDJDLQ
(TXDWLRQ   LV D GLIIHUHQFH HTXDWLRQ IRU D ILUVW RUGHU ILOWHU ZLWK  PLQXWH WLPH
FRQVWDQW )RU PRVW RI WKH DSSOLFDWLRQV WKLV ILUVW RUGHU ILOWHU LV JRRG HQRXJK WR JLYH D
VPRRWK VOLGLQJ UHIHUHQFH ,UUHVSHFWLYH RI WKH W\SH RI WKH UHIHUHQFH YROWDJH IL[HG RU
VOLGLQJ  XVHG WKUHVKROG YROWDJHV DUH DOZD\V VHWXS DV VRPH SHUFHQWDJH RI WKH UHIHUHQFH
YROWDJH

7KUHVKROGYROWDJHV
$VPHQWLRQHGHDUOLHUWKHGLSWKUHVKROGVSHFLILHVWKHVWDUWDQGWKHHQGRIDYROWDJHGLS
7\SLFDOO\ D GLS WKUHVKROG LV VHW EHWZHHQ  DQG  RI WKH UHIHUHQFH YROWDJH ,Q WKH
FDVH RI LQGXVWULDO DQG FRPPHUFLDO FXVWRPHUV WKH H[DFW GLS WKUHVKROG GHSHQGV RQ WKH
FRQWUDFWXDO DJUHHPHQW EHWZHHQ WKH HOHFWULFLW\ VXSSOLHU DQG WKH FXVWRPHU $OORZLQJ D
PDUJLQ RI  WR  WDNHV LQWR DFFRXQW ORDG LQGXFHG YDULDWLRQV LQ QRPLQDO YROWDJH
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This is especially relevant in the case of a fixed reference where the reference voltage
does not change over the measurement period. In the case of a sliding reference, the
reference voltage is available immediately before a dip and the threshold may be set to as
high as 99% of the sliding reference voltage.
In many sag measuring applications, two different thresholds for detecting the start
and the end of a dip are specified. The dip start threshold is set between 85% and 95% of
the reference voltage. The dip end threshold is set to 1% or 2% of the reference voltage
above the start threshold. Only those events in which the voltage, having fallen below the
start threshold, recovers at least to the end threshold are recognized as voltage sags. The
1% or 2% extra voltage added to the end threshold makes sure that the sag event has
indeed ended and the voltage has been restored within the permissible range. In some sag
studies there is a particular voltage threshold which is the focus of attention, either
because it is specified in the contract or because it is the value that is critical for the
machine or the process involved. The start and end of the actual dip and its ultimate depth
may all be irrelevant in such cases. In any case, an engineer must judiciously select start
and end thresholds for a particular sag study.
The concepts of reference voltage and threshold voltages are valid in the case of
multi-phase sag measurements also. For multi-phase measurements, a dip begins when
the Urms(1/2) voltage on at least one channel falls below the dip threshold and ends when
the voltages on all measured channels are equal to or above the end threshold. In some
cases, it may be necessary to measure voltages between phase conductors and neutral or
between phase conductors or between neutral and earth. The IEC standards do not impose
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any restrictions on the type of measurements. All the concepts discussed in this document
are relevant to all types of measurement.
The concepts discussed in this chapter are used to implement a sag- measuring
algorithm on the sag- monitoring and recording instrument. The next task is to consider
the hardware requirements for building a stable platform for the sag- measuring
instrument. This is done in the next chapter.

CHAPTER III
HARDWARE DESIGN ASPECTS
Choosing a bus architecture and the appropriate components that can be used on that
bus is the main challenge faced by an embedded design hardware engineer. PC/104 is by
far the most popular bus architecture used in developing embedded systems that
implement the compact version of the PC bus. This architecture was originally proposed
by Ampro Computers and has evolved around the Intel and DOS/WINDOWS
architecture. At present there are over 150 vendors who manufacture PC/104 based
products. Microprocessors, digital signal processors, video cards, network cards, GPS
cards and almost all other application cards are available on PC/104. This bus
architecture was selected for the sag- monitoring instrument. Henceforth, the discussion
about embedded systems is restricted to embedded systems on PC/104 architecture. The
basics of this architecture are introduced in this chapter.
Once the bus architecture has been decided, the next step is to determine the
components to be used in the instrument. The basic hardware capabilities needed for the
instruments are:
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• • &HQWUDO SURFHVVLQJ XQLW &38  ZKLFK LV WKH EUDLQ RI WKH LQVWUXPHQW DQG PDQDJHV
V\VWHPKDUGZDUHDQGVRIWZDUH

• • 6\VWHP PHPRU\ 7KLV LQFOXGHV UDQGRP DFFHVV PHPRU\ 5$0  DV ZHOO DV VWRUDJH
PHPRU\IRUWKHRSHUDWLQJV\VWHPDQGDSSOLFDWLRQSURJUDPV'DWDDFTXLVLWLRQFDUGIRU
DQDORJWRGLJLWDO $' FRQYHUVLRQRILQSXWVLJQDOV

• • 3RZHUVXSSO\IRUVXSSO\LQJWKHUHTXLUHGSRZHUWRHDFKFDUGLQWKHVWDFN
• • 2WKHUDQFLOODU\FDUGVOLNHYLGHRFDUGDQGQHWZRUNFDUGV
6SHFLILF&38VV\VWHPPHPRULHVSRZHUVXSSO\DQGRWKHUFDUGVWKDWZHUHVHOHFWHGIRU
WKHLQVWUXPHQWDUHGLVFXVVHGODWHULQWKLVFKDSWHU

3&EXVDUFKLWHFWXUH
'XULQJWKHODVWRQHDQGDKDOIGHFDGHVHPEHGGHGDSSOLFDWLRQVRI3&VKDYHJURZQ
VLJQLILFDQWO\DQGDUHXVHGZKHUHGHYLFHVQHHGWREHFRQWUROOHGE\DFRPSXWHU(PEHGGHG
V\VWHPGHVLJQHUVVRRQUHDOL]HGWKHQHHGIRUVWDQGDUGL]LQJKDUGZDUHDQGVRIWZDUHDURXQG
3& DUFKLWHFWXUH WR UHGXFH VXEVWDQWLDOO\ WKH GHYHORSPHQW FRVWV ULVNV DQG WLPH 7KH
KDUGZDUH GHVLJQ DQG WKH VRIWZDUH VXSSRUW ZHUH DOUHDG\ LQ SODFH IRU 3& DSSOLFDWLRQV
:KDW ZDV ODFNLQJ ZDV D ³WHFKQRORJ\ WUDQVIHU´ PHGLXP IURP WKH 3& WR WKH HPEHGGHG
IRUP IDFWRU ,QGXVWU\ VWDQGDUG EXV DUFKLWHFWXUH ,6$  FRXOG QRW EH GLUHFWO\ XVHG IRU
HPEHGGHG DSSOLFDWLRQV EHFDXVH WKH VWDQGDUG ,6$ EXV IRUP IDFWRU ´ •  ´  DQG LWV
DVVRFLDWHG FDUG HGJHV DQG EDFNSODQHV ZHUH WRR EXON\ IRU HPEHGGHG DSSOLFDWLRQV $OVR
HPEHGGHG V\VWHPV QHHGHG ORZHU SRZHU FRQVXPSWLRQ WR UHGXFH WKH KHDW GLVVLSDWHG DQG
FRQVHUYHDVPXFKEDWWHU\SRZHUDVSRVVLEOH



7RDGGUHVVWKHVHLVVXHVWKH3&VWDQGDUGZDVGHYHORSHG7KHVDOLHQWIHDWXUHVRI
WKH3&VWDQGDUGDUH>@

• • ,W RIIHUV IXOO KDUGZDUH DQG VRIWZDUH FRPSDWLELOLW\ ZLWK WKH ,6$ EXV EXW WKH IRUP
IDFWRULV´• ´ZKLFKPXFKPRUHFRPSDFWWKDQWKHVWDQGDUG,6$EXV

• • 7KH DUFKLWHFWXUH XVHV  SLQV DQG KHQFH WKH QDPH 3&  WR FRQQHFW GLIIHUHQW
FDUGV WRJHWKHULQVWHDGRIFDUGHGJHVDQGSOXJ LQVORWV%RDUGVFDQEHVWDFNHGRYHUHDFK
RWKHUDQGWKHEXVFRQQHFWLYLW\LVPDLQWDLQHGE\WKHFRQQHFWRUSLQV

• • 3& LV DQ H[SUHVVLRQ RI D GH IDFWR VWDQGDUG ,6$  UDWKHU WKDQ WKH LQYHQWLRQ DQG
GHVLJQ RI D FRPPLWWHH 3& DOORZV WKH 3&¶V KDUGZDUH VRIWZDUH DQG V\VWHP GHVLJQ
NQRZOHGJHWREHIXOO\LPSOHPHQWHGLQHPEHGGHGFRQWUROOHUV
3&SURYHGWREHDJURXQGEUHDNLQJFRQFHSWLQWKHHPEHGGHGV\VWHPVZRUOG7KH
SRSXODULW\RI3&OLHVLQLWVDELOLW\WRDOORZDXVHUWREX\RII WKHVKHOIKDUGZDUHDQG
FXVWRPL]H LW ZLWK VRIWZDUH 7KLV VLJQLILFDQWO\ VKRUWHQV WKH GHVLJQ F\FOH ORZHUV SURGXFW
FRVWVKRUWHQVWKHOHDUQLQJFXUYHIRUDXVHUDQGUHGXFHVWKHULVNVLQYROYHGLQLQWURGXFLQJD
QHZSURGXFW
3& FDUGV DUH DYDLODEOH LQ ELW DV ZHOO DV LQ ELW GDWD EXV ZLGWKV $ VWDFN RI
3& FDUGV FDQ DOVR KDYH ERWK  DQG  ELW  DW WKH VDPH WLPH ,Q UHFHQW \HDUV
SHULSKHUDOFRPSRQHQWLQWHUFRQQHFW 3&, EXVDUFKLWHFWXUHKDVUHSODFHGWKHVWDQGDUG,6$
EXVRQWKH3&SODWIRUP3&,EXVSURYLGHVDELWGDWDEXVDQGLVQHDUO\IRXUWLPHVIDVWHU
WKDQWKH,6$EXV0DQ\3&FDUGVSURYLGH3&,EXVLQWHUIDFHDORQJZLWKWKHVWDQGDUG
,6$ LQWHUIDFH 3& VWDQGDUG VSHFLILHV DQ DGGLWLRQDO  SLQV IRU FRQQHFWLQJ WKH 3&,
EXV6XFK3&FDUGVDUHFDOOHGDV³3&SOXV´FDUGVDQGDUHHVSHFLDOO\VXLWDEOHIRU
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graphics applications. PC/104 plus cards are compatible with PC/104 cards and both
types can be arranged in a stack to form an embedded system. The cards that were
selected for the sag-monitoring instrument are discussed in the following specific
sections.

Central Processing Unit (CPU)
Almost all the CPUs on the PC/104 architecture have a processor, RAM, ROM,
onboard support for solid state memory, serial ports, parallel port, keyboard and mouse
support, VGA/LCD interface, real-time clock with battery backup and status LEDs. In
many PC/104 systems, RAM and storage memories may be present on separate PC/104
cards. Nonetheless, they can still be considered to be parts of a CPU. Also, the processor,
CPU base board, RAM and storage memory are generally manufactured by different
vendors. All the individual components can be integrated due the common platform
provided by the PC/104 standard.

Processors
Processors come in different flavors depending on the manufacturer and the type of
embedded applications for which they are targeted. Some common processors are AMD’s
586 series, Intel’s 8086 family of processors, Pentium class processors and Celeron
processors. It is worth mentioning that although Intel’s 8086 family of processors has
become obsolete on the PC platform, it is still fairly popular on the embedded systems
platform for simple and relatively slow applications. Processor frequencies vary from as
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low as 8MHz to as high as 700MHz. The high-end processors are capable of delivering
substantially higher throughput.
Many processors have a cooling fan installed on them. This helps in dissipating the
heat especially in PC/104 enclosures where air ventilation may be restricted. Because the
system should be able to withstand extreme temperatures, operating temperatures of
processors are a critical factor. Generally, the minimum operating temperature is not an
issue. It is the maximum operating temperature that could be a cause of concern. A
careful study of processor specifications is necessary before selecting a processor. Fast
and large RAM is also important along with a fast processor. RAM for the sagmonitoring instrument is discussed next.

Random access memory
Dynamic random access memory (DRAM) is the preferred choice of technology for
RAM as it is much cheaper and occupies much less space (on a chip) as compared to
static random access memory (SRAM). The two major types of DRAM technologies are
asynchronous DRAM and synchronous DRAM. In the case of asynchronous DRAM, the
memory access signals are not tied to the main system clock. Each access to memory
takes around 4-7 clock cycles due to the overhead involved in finding the correct memory
location. SDRAM overcomes this problem by accessing the memory in what is called
“burst mode access.” In burst mode, the first access to memory takes the same amount of
time as taken by conventional DRAM. After the initial access however four 64-bit chunks
of memory are read one after the other. This significantly reduces the overhead involved
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in subsequent accesses to the memory. This technique requires that the memory control
signals are “synchronous” with the system clock (and hence the name synchronous
DRAM). Slower processors (normally speeds less than 66 MHz) use asynchronous
DRAM while faster processors use SDRAM. Both types of DRAM are available on the
PC/104 platform. The standard DRAM sizes (for both the types) vary from 8MB to
256MB.
While it is desirable to have faster system memory, it is more important to have large
and fast caching. Having fast and large cache capability means that most of the data
requests will be handled by cache instead of DRAM. This will significantly improve the
CPU performance. Processors may have one or two levels of cache. Cache levels and
sizes are fixed for a processor type and can not be selected as independent parameters.
Most of the modern processors on a PC/104 platform have enough cache for numerical
applications like sag measurement.
ADRAM as well as SDRAM were used as system memories for the sag- monitoring
instrument. Operating temperature was the pivotal criterion in selecting the memory. The
operating temperatures of DRAM are in the same range as those of processors. Most of
the vendors sell processors and DRAM on a single board. Along with DRAM, the sagmonitoring instrument also needs mass storage memory for an operating system and
application programs.



0DVVVWRUDJHPHPRU\
&RQYHQWLRQDO 3& KDUG GULYHV DUH VHQVLWLYH WR WHPSHUDWXUH YLEUDWLRQ DQG GLUW DQGDV
VXFK FDQ QRW EH XVHG DV PDVV VWRUDJH GHYLFHV RQ 3& V\VWHPV $OVR KDUVK ZRUNLQJ
HQYLURQPHQWVRIHPEHGGHGV\VWHPVGHPDQGDUXJJHGVWRUDJHGHYLFHZLWKRXWDQ\PRYLQJ
SDUWV &RPSDFW IODVKDQG 'LVN2Q&KLS•  GHYHORSHG E\ 06\VWHPV  SURYLGH LGHDO PDVV
VWRUDJHRSWLRQV
&RPSDFW IODVK DOVR FDOOHG D &) FDUG  LV WKH VPDOOHVW UHPRYDEOH PDVV GDWD VWRUDJH
GHYLFHDYDLODEOH>@$&)FDUGLVDERXWWKHVL]HRIDVPDOOPDWFKER[DQGLWVWKLFNQHVVLV
OHVVWKDQRQH KDOIWKHWKLFNQHVVRID3&0&,$W\SH,,FDUG&)FDUGVXVHZKDWLVFDOOHG
³IODVK WHFKQRORJ\´ )ODVK WHFKQRORJ\ XVHV DQ ((3520 W\SH RI PHPRU\ WKDW GRHV QRW
UHTXLUHDEDWWHU\WRUHWDLQGDWDLQGHILQLWHO\&)FDUGVDUHDYDLODEOHLQFDSDFLWLHVUDQJLQJ
IURP  0% WR  0% &) FDUGV VXSSRUW ERWK 9 DQG 9 RSHUDWLRQ DQG WKHLU SRZHU
FRQVXPSWLRQLVW\SLFDOO\RIWKHSRZHUUHTXLUHGWRRSHUDWHD´GLVNGULYH7KH\DUH
GHVLJQHG WR DEVRUE D VKRFN IURP D  IRRW GURS DQG OLYH GHFDGHV RI OLIH XQGHU W\SLFDO
RSHUDWLQJFRQGLWLRQV>@
$QRWKHU RSWLRQ IRU PDVV VWRUDJH LV 'LVN2Q&KLS IURP 06\VWHPV 'LVN2Q&KLS LV D
KLJK SHUIRUPDQFH IODVK PHPRU\ DYDLODEOH LQ D VWDQGDUG SLQ ',3 RU SLQ 7623,
SDFNDJH VWDQGDUG SDFNDJHV IRU ,&V  7KHLU FDSDFLWLHV YDU\ IURP 0% WR 0%
'LVN2Q&KLS LV PDQDJHG E\ 06\VWHPV SDWHQWHG 7UXH )ODVK )LOH 6\VWHP FDOOHG 7UXH
))6  WHFKQRORJ\ >@ 7KLV LV D GULYHU OD\HU WKDW UHVLGHV EHWZHHQ WKH RSHUDWLQJ V\VWHP¶V
ILOH V\VWHP DQG WKH IODVK PHPRU\ 7UXH ))6 LPSOHPHQWV DQ DGYDQFHG DOJRULWKP WKDW
VSUHDGV ZULWH RSHUDWLRQV LQFOXGLQJ RSHUDWLQJ V\VWHP ILOHV DORQJ WKH HQWLUH OHQJWK RI
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DiskOnChip area including operating system files and ensures that all the areas of the
flash are used in an equal manner. This ensures that the number of erase levels (called
wear) is nearly the same for all the flash areas. This process, called “wear leveling,”
significantly enhances DiskOnChip lifespan.
Many companies manufacture compact flash cards. DiskOnChip is a patented product
of M-systems. Both the storage media are extensively used as storage devices in
embedded systems. Both the media are environmentally quite rugged and support
extended operating temperature ranges. Apart from a processor, DRAM and storage
memory, embedded CPUs also provide standard I/O interfaces and devices. These are
discussed in the next section.

Standard I/O interfaces
Most of the CPUs can support a standard hard drive in addition to solid state memory
devices (compact flash or DiskOnChip). An IDE hard drive can be used during the
development phase of an embedded application because an IDE hard drive is much
cheaper than any solid state device. A floppy drive interface, COM1 and COM2 serial
ports, a parallel port, a USB port, VGA/SVGA interface and keyboard and mouse
interfaces are also generally provided. Most of these interfaces may not be used in an
actual application, but they prove to be of immense help when developing an application.
There are many vendors who manufacture CPUs with different capabilities. The exact
choice of a CPU depends on the targeted application. The two CPUs that were used in the
sag- monitoring application are considered next.



&38VXVHGLQWKHVDJPRQLWRULQJLQVWUXPHQW
$OWKRXJKDODUJHQXPEHURIYHQGRUVPDQXIDFWXUHHPEHGGHG&38VWKHIROORZLQJWZR
&38VZHUHFKRVHQIRUWKHVDJ PRQLWRULQJDSSOLFDWLRQ

• • :LQV\VWHPV3&0ZKLFKXVHVDQ$0'• SURFHVVRU
• • $GYDQFHG'LJLWDO/RJLF06036(9ZKLFKXVHVDQ,QWHO3,,,SURFHVVRU
5HOHYDQWIHDWXUHVRIWKHVHWZR&38VDUHVXPPDUL]HGLQ7DEOH
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The MSMP3/SEV has more processor speed, larger DRAM, larger cache, larger
storage memory, better processor cooling capability and is superior to the PCM-586 in
terms of features. The only area of concern for MSMP3/SEV is the maximum operating
temperature of 50°C. This can be increased up to 70°C by using a bigger heat sink, a
cooling fan and a digital over-temperature detector like National Semiconductor’s LM75
A/D temperature sensor chip. The LM75 is a programmable temperature sensor in which
an upper threshold temperature can be set. It can be queried by the host system at any
time to check the temperature. Also, it sends an interrupt to the processor when the
temperature exceeds the threshold. The circuit can also be designed to switch on a fan or
a warning system when the threshold is crossed [9].
As indicated in Table 3.1, the MSMP3/SEV CPU baseboard is more expensive than
the WinSystems CPU but a DiskOnChip (used on the WinSystems processor) costs
significantly more than a compact flash. The overall development cost of a CPU on
Advanced Digital Logic platform is roughly $210 more than the development cost on
WinSystems platform for the sag- monitoring instrument. This leads to a cost versus
design issue. An extra $210 may be worth the price for the better features provided by the
MSMP3/SEV, but some of the features like PCI bus interface were not used in the
instrument. Even with low speed and limited features, the WinSystems CPU should be
fast enough to calculate Urms(1/2) (defined in Chapter II) every half a cycle (approximately
8.333 msec) of a 60 Hz sine wave. Additional facilities like plotting sag data and
accessing sag data through a remote login will definitely need a faster CPU like the
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MSMP3/SEV. Considering all these issues, the sag- monitoring instrument was developed
on both the CPU.
The cost estimates shown in Table 3.1 are relevant only to the configurations chosen.
Any changes in the configurations (for example using a Celeron processor instead of a
Pentium, using DiskOnChip on a separate PC/104 card with the MSMP3/SEV etc.) will
change the cost estimates. Component specifications, their costs, features provided by the
CPUs and future expansion in the instrument capabilities were the core issues in the CPU
selection. Power supply, video and network cards for the instrument are discussed in the
next section.
Power supply, video and network cards
A large number of power supply cards are available on PC/104 architecture. Most of
these are DC/DC power supplies with a wattage rating varying from a few watts to tens
of watts. DC/DC power supplies are popular because most of the PC/104 applications are
placed where it is not feasible to have standard AC main power supply. This necessitates
using a set of batteries in most of the embedded applications. Vendors use improved heat
sink technologies and PCB designs to dissipate heat efficiently. Some power supply
designs even eliminate the need of a heat sink making them lighter in weight. All power
supply cards have pins for the ±5V and ±12V commonly required for various PC/104 I/O
devices.
Microcomputer Systems Inc. is the only vendor to date who designs PC/104 power
supplies that work with 60Hz, 120V AC input. Their power supply module MSI-NC0070
proved to be very convenient in the development stage of the instrument as it eliminated
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CHAPTER IV
DATA ACQUISITION AND THE HARDWARE SETUP
The sag monitoring instrument needs a data acquisition card (DAC) for analog to
digital (A/D) conversion of the input voltage. The data acquisition process needs
hardware as well as software support. Hardware concepts involved in the data acquisition
process are similar for all DACs. However, the hardware design and the driver software
vary from one vendor to another. The data acquisition process was implemented in the
sag monitoring instrument using the DMM-32-AT data acquisition card from Diamond
Systems Corporation. The hardware specifications of this card are given in this chapter.
The hardware aspects of the data acquisition process required for the monitoring
instrument and their implementation on the DMM-32-AT DAC are discussed in this
chapter. In the end, two setups of the sag- monitoring instrument, one on the WinSystems
CPU and the other on the MSMP3/SEV CPU are compared.
Input and output capabilities of a DAC
The input and the output capabilities that are commonly available in a DAC are
analog input, analog output, digital input and digital output. The functionality of each
mode is given in Table 4.1.
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Table 4.1 Input and output capabilities of a DAC
DAC mode
Analog input
Analog output
Digital input
Digital output

Function
Samples an analog waveform at a
specific rate and converts each sample
into an equivalent digital code.
Generates an analog output waveform as
specified by the user.
Acts as a trigger to start analog data
acquisition or sets a digital port to either
a high or a low value.
Generates a low or high voltage at a
digital port.

A DAC may not support all of the operations shown in Table 4.1. For the sag
monitoring instrument, analog input is used for measuring the input values of the
voltages. In the analog input mode, an analog to digital converter (A/D converter) is used
to sample an analog signal at a specific rate. The digital representation of the analog input
signal is used for analyzing the input in a software algorithm. DAC features discussed in
this chapter are applicable only to the analog input mode unless mentioned otherwise; the
other features are not relevant to this work.

Analog input channels
The number of analog input channels available on a DAC determines how many
analog signals can be sampled at the same time. The number of analog input channels
available varies from card to card. Irrespective of the number of analog channels
available, there are two common ways of connecting analog inputs. They are singleended input connection and differential input connection.



$VLQJOHHQGHGLQSXWLVDVLQJOHZLUH LQSXW WKDWLVPHDVXUHGZLWKUHVSHFWWRWKHGDWD
DFTXLVLWLRQERDUG¶VVLJQDOUHIHUHQFH XVXDOO\JURXQG ,QRUGHUIRUWKHPHDVXUHPHQWWREH
DFFXUDWH WKH ERDUG¶V UHIHUHQFH PXVW EH DW WKH VDPH SRWHQWLDO DV WKH VRXUFH VLJQDO¶V
UHIHUHQFH 8VXDOO\ WKLV LV DFFRPSOLVKHG E\ FRQQHFWLQJ WKH WZR VLJQDO JURXQGV EXW FDUH
PXVWEHWDNHQWRDYRLGSUREOHPDWLFJURXQGORRSV>@
$GLIIHUHQWLDOLQSXWLVDWZRZLUHLQSXWWKDWLVPHDVXUHGE\VXEWUDFWLQJWKHORZLQSXW
IURPWKHKLJKLQSXW7KLVW\SHRIFRQQHFWLRQRIIHUVWZRDGYDQWDJHV

• • ,W DOORZV IRU JUHDWHU QRLVH LPPXQLW\ EHFDXVH WKH QRLVH ZKLFK LV SUHVHQW LQ HTXDO
DPRXQWVDQGHTXDOSKDVHRQERWKWKHLQSXWVLVVXEWUDFWHGRXW

• • ,WDOORZVIRUWKHLQSXWVLJQDOWRIORDWZLWKUHVSHFWWRJURXQG
$ GLIIHUHQWLDO LQSXW LV SUHIHUUHG ZKHQ WKH DQDORJ LQSXW VLJQDOV DUH ZHDN WKH OHDGV
FRQQHFWLQJWKHVLJQDOWRWKH'$&DUHORQJHUWKDQIHHWRUZKHQWKHVLJQDOVFRQWDLQDORW
RI QRLVH >@ 6RPH '$&V PD\ QRW VXSSRUW ERWK WKH LQSXW PRGHV ,UUHVSHFWLYH RI WKH
LQSXW PRGH XVHG HDFK FKDQQHO QHHGV WR EH VDPSOHG DW D VSHFLILF UDWH 7KLV LVVXH LV
FRQVLGHUHGQH[W

6DPSOLQJUDWH
7KHVDPSOLQJUDWHGHWHUPLQHVKRZRIWHQ$'FRQYHUVLRQVWDNHSODFH7KLVLVPHDVXUHGLQ
WHUPV RI QXPEHU RI VDPSOHV DFTXLUHG SHU VHFRQG $ IDVWHU VDPSOLQJ UDWH DFTXLUHV PRUH
GDWDLQDJLYHQWLPHJLYLQJDPRUHDFFXUDWHUHSUHVHQWDWLRQRIWKHLQSXW+RZHYHUDIDVWHU
VDPSOLQJUDWHSXWVPRUHSURFHVVLQJEXUGHQRQWKHV\VWHPKDUGZDUH7KHVDPSOLQJUDWHLV
VHW E\ WKH XVHU DQG VKRXOG EH VHOHFWHG GHSHQGLQJ RQ WKH QDWXUH RI WKH LQSXW VLJQDO ,Q
VRPH '$&V D GLIIHUHQW VDPSOLQJ UDWH FDQ EH VSHFLILHG IRU HDFK DQDORJ LQSXW FKDQQHO

36

This facilitates sampling of vastly different waveforms using different sampling rates at
the same time.
Sampling rate for an application depends on the frequency content of the analog input
waveform. Higher the frequency of the analog input, higher is the sampling rate required
to accurately represent the waveform. Mathematically, the sampling frequency should be
at least equal to the Nyquist sampling frequency, but the maximum sampling rates
allowed by a DAC is a function of the hardware circuitry used.

Resolution
The number of bits that a DAC uses to represent an analog signal is called the
resolution. As an example, if a DAC has 16-bit resolution, the smallest change that can be
detected is 1/(216 ) or 1/65536 of the full-scale input range. This smallest change results in
an increase or decrease of 1 bit in the binary sample (A/D code) of an analog input.
Higher resolution breaks the allowable input signal range into a larger number of
divisions allowing smaller voltage changes to be detected. Thus a DAC having 16-bit
resolution would produce a more accurate digital representation of an analog signal as
compared to a 12-bit card.

Range, polarity and gain
Range is the maximum input analog voltage that can be applied to a DAC. 5V and
10V are the two standard ranges provided by most of the DACs. Polarity can be either
unipolar or bipolar. If the unipolar option is selected, only positive voltages (0 to +5V or
0 to +10V) can be measured. If the bipolar option is selected, positive as well as negative
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$V VKRZQ LQ 7DEOH  IRU D JLYHQ UDQJH DQG SRODULW\ FKRRVLQJ KLJKHU JDLQ JLYHV
JUHDWHU UHVROXWLRQ 7KH YDOXHV RI JDLQ  DQG   FRQVLGHUHG LQ 7DEOH  DUH MXVW IRU
LOOXVWUDWLQJ WKH SRLQW DQG DUH E\ QR PHDQV WKH RQO\ YDOXHV DYDLODEOH 0DQ\ '$&V XVH
RWKHU YDOXHV RI JDLQ $OVR DOO WKH FRPELQDWLRQV RI SRODULW\ UDQJH DQG JDLQ PD\ QRW EH
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7KH DQDORJ LQSXW FKDQQHOV UDQJH JDLQ DQG SRODULW\ FDQ EH VHOHFWHG WKURXJK DQ
DSSOLFDWLRQSURJUDP7KHQH[WSDUDPHWHUWREHFRQVLGHUHGLVWKHDQDORJVDPSOLQJPHWKRG
7KH '00$7 SURYLGHV WZR PHWKRGV IRU VDPSOLQJ DQDORJ LQSXWV 7KHVH VDPSOLQJ
PHWKRGVDUHGLVFXVVHGLQWKHQH[WVHFWLRQ

'00$7$'VDPSOLQJPHWKRGV
$QDORJVDPSOLQJFDQEHGRQHRQDVLQJOHFKDQQHORURQPXOWLSOHFKDQQH OVDWWKHVDPH
WLPH )RU VDPSOLQJ PXOWLSOH FKDQQHOV WKH VDPSOHG FKDQQHOV PXVW EH FRQVHFXWLYH
5DQGRPVHOHFWLRQRIVDPSOLQJFKDQQHOVLVQRWDOORZHGE\WKH'00$7$VDPSOLQJ
UDQJH LQ WHUPV RI KLJK FKDQQHO DQG ORZ FKDQQHO LV VSHFLILHG )RU VDPSOLQJ PXOWLSOH
FKDQQHOVWZRVDPSOLQJPHWKRGVDUHSURYLGHGE\WKHERDUG>@7KHVHDUH

• • 6HTXHQWLDOVDPSOLQJ
• • 6FDQVDPSOLQJ
,Q VHTXHQWLDO VDPSOLQJ HDFK FORFN SXOVH UHVXOWV LQ D VLQJOH $' FRQYHUVLRQ RQ WKH
FXUUHQW FKDQQHO ,I WKH FKDQQHO UDQJH LV VHW WR D VLQJOH FKDQQHO KLJK FKDQQHO  ORZ
FKDQQHO HDFKFRQYHUVLRQLVSHUIRUPHGRQWKHVDPHLQSXWFKDQQHO)RUPXOWLSOHFKDQQHOV
DIWHU HDFK FRQYHUVLRQ WKH FKDQQHO FRXQWHU LQFUHPHQWV WR WKH QH[W FKDQQHO :KHQ D
FRQYHUVLRQ LV SHUIRUPHG RQ WKH KLJK FKDQQHO WKH FKDQQHO FRXQWHU UHVHWV WR WKH ORZ
FKDQQHO IRU WKH QH[W FRQYHUVLRQ 7KH LQWHUYDOV EHWZHHQ DOO VDPSOHV DUH HTXDO %HFDXVH
HDFKFORFNSXOVHUHVXOWVLQRQO\RQHFKDQQHOEHLQJVDPSOHGWKHHIIHFWLYHVDPSOLQJUDWHLV
WKHSURJUDPPHGVDPSOLQJUDWHGLYLGHGE\WKHQXPEHURIFKDQQHOVLQWKHVDPSOLQJUDQJH
)RUH[DPSOHLIWKHVDPSOLQJUDWHVSHFLILHGLVVDPSOHVVHFRQGDQGDQDORJFKDQQHOVDUH
VDPSOHG WKHQ WKH HIIHFWLYH VDPSOLQJ UDWH SHU FKDQQHO ZRXOG EH  RU  VDPSOHVHFRQG



IRUHDFKFKDQQHO6HTXHQWLDOVDPSOLQJLVSUHIHUUHG ZKHQORZVDPSOLQJUDWHVDUHQHHGHG
)RUKLJKVSHHGVDPSOLQJVFDQQLQJPRGHLVSUHIHUUHG
$ VFDQ LV GHILQHG DV D TXLFN EXUVW RI VDPSOHV RYHU PXOWLSOH FRQVHFXWLYH FKDQQHOV
:KHQ DQ $' FORFN RFFXUV DOO WKH FKDQQHOV VSHFLILHG DUH VDPSOHG LQ KLJKVSHHG
VXFFHVVLRQ7KHUHLVDVKRUWGHOD\RIPLFURVHFRQGVEHWZHHQHDFKVDPSOHLQWKHVFDQ
EXWWKLVLVDFFHSWDEOHIRUPRVWDSSOLFDWLRQV%HFDXVHHDFKFORFNSXOVHFDXVHVDOOFKDQQHOV
WR EH VDPSOHG WKH HIIHFWLYH VDPSOLQJ UDWH IRU HDFK FKDQQHO LV WKH VDPH DV WKH
SURJUDPPHG UDWH 7KH WRWDO VDPSOLQJ UDWH RI WKH ERDUG ZRXOG EH WKH SURJUDPPHG
VDPSOLQJUDWHWLPHVWKHQXPEHU RI FKDQQHOV LQ WKH VDPSOLQJ UDQJH $V DQ LOOXVWUDWLRQ LI
WKHSURJUDPPHGVDPSOLQJUDWHLVVDPSOHVVHFRQGDQGWKHUHDUHLQSXWFKDQQHOVWKHQ
WKHHIIHFWLYHVDPSOLQJUDWHZRXOGEH• RUVDPSOHVVHFRQG
6FDQVDPSOLQJLVSUHIHUUHGIRUDSSOLFDWLRQVWKDWQHHGKLJKVSHHGVDPSOLQJ7KLVLVWKH
VDPSOLQJPHWKRGXVHGLQWKHVDJPRQLWRULQJDOJRULWKP+RZHYHUKLJKVDPSOLQJUDWHVIRU
PXOWLSOH FKDQQHOV DGG FRQVLGHUDEOH RYHUKHDG WR WKH &38 DQG WKH '$& FKLSVHW 7KH
'00$7 KDUGZDUH XVHV LQWHUUXSWV DQG D ILUVW LQILUVWRXW ),)2  PHPRU\ EXIIHU WR
VXVWDLQVDPSOLQJDWKLJKVSHHGVLQWKHVFDQPRGH

),)2DQGLQWHUUXSWRSHUDWLRQ
7KH'00$7XVHVDRQHNE\WH),)2PHPRU\EXIIHUWRPDQDJH$'FRQYHUVLRQ
,WLVXVHGWRVWRUH$'GDWDEHWZHHQWKHWLPHLWLVJHQHUDWHGE\WKH$'FRQYHUWHUDQGWKH
WLPH LW LV UHDG E\ WKH DSSOLFDWLRQ SURJUDP 7KH ),)2 FDQ KROG  VDPSOHV ZLWK HDFK
EHLQJELWVLQVL]H



)RUORZVSHHGVDPSOLQJHDFKWLPHDFRQYHUVLRQRFFXUVDQLQWHUUXSWLVJHQHUDWHGDQG
WKHSURJUDPUHDGVWKHGDWDIURPWKHEXIIHU7KHUHLVDOZD\VDRQHWRRQHFRUUHVSRQGHQFH
EHWZHHQ VDPSOLQJ DQG UHDGLQJ )RU KLJKVSHHG VDPSOLQJ WKLV ZRXOG SURYH WR EH
LQHIILFLHQWGXHWRKLJKLQWHUUXSWUDWHVDQGVRIWZDUHRYHUKHDGUHTXLUHG
)RU KLJKVSHHG VDPSOLQJ ),)2 FDQ EH XVHG WR UHGXFH WKH LQWHUUXSW UDWH DQG WKH
VRIWZDUH RYHUKHDG ),)2 LV HQDEOHG E\ VHOHFWLQJ WKH QXPEHU RI VDPSOHV WR EH UHDG SHU
LQWHUUXSW7KLVQXPEHUFDOOHG³),)2GHSWK´LVSURJUDPPDEOHDQGLVJHQHUDOO\VHWWRRQH
KDOI RI WKH ),)2 GHSWK  VDPSOHV  :KHQ WKH ),)2 GHSWK LV UHDFKHG DQ LQWHUUXSW LV
JHQHUDWHG DQG PXOWLSOH VDPSOHV DUH UHDG 7KLV VXEVWDQWLDOO\ UHGXFHV WKH LQWHUUXSW UDWH
UHTXLUHG IRU KLJKVSHHG VDPSOLQJ 7R LOOXVWUDWH WKLV FRQFHSW FRQVLGHU WKH IROORZLQJ
H[DPSOH
6XSSRVH WKDW VFDQ VDPSOLQJ LV XVHG ZLWK D SURJUDPPHG VDPSOLQJ UDWH RI N
VDPSOHVVHFRQGIRUVFDQQLQJWZRFKDQQHOV7KHHIIHFWLYHVDPSOLQJUDWHLQWKLVFDVHZRXOG
EHN• LHNVDPSOHVVHFRQG7KHIDVWHVWVXVWDLQDEOHVDPSOLQJUDWHRQWKH,6$EXV
UXQQLQJXQGHU'26LVDURXQG.SHUVHFRQG>@,I),)2LVQRWXVHGWKHQWKHV\VWHP
ZLOO QRW EH DEOH WR VXVWDLQ WKH VDPSOLQJ UDWH RI N VDPSOHVVHFRQG +RZHYHU LI WKH
),)2 LV HQDEOHG DQG WKH ),)2 GHSWK LV VHW WR  VDPSOHV WKH LQWHUUXSW UDWH UHTXLUHG
ZRXOGEH• SHUVHFRQGZKLFKLVHDVLO\VXVWDLQDEOHRQWKH,6$EXV)RU
WKLV UHDVRQ WKH ),)2 IHDWXUH ZDV XVHG LQ WKH LPSOHPHQWDWLRQ RI WKH VDJ PRQLWRULQJ
DOJRULWKP
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use a video card as VGA support is provided on the CPU board. Also, the network card is
not considered in the basic hardware version because it was not used during the
development stage. Considering the hardware selected, both platforms satisfy all the
hardware design criteria outlined for the instrument in Chapter I. In particular both the
setups have small size low weight and low power consumption.
Considering all the hardware, the temperature rating of the power supply card (0° C
to 55° C) is the only cause of concern. In a practical implementation of the instrument, a
DC/DC power supply card with an extended temperature rating could be used.
The design of the sag- monitoring instrument from a hardware designer’s point of
view was considered in this and the previous chapter. Two platforms based on the
PC/104 form factor have been discussed. The final task is to consider the software
segment of the sag-monitoring instrument. This is discussed in the next chapter.

CHAPTER V
SOFTWARE DESIGN ASPECTS
The sag monitoring instrument needs a stable software platform compatible with the
hardware selected. The software platform includes an operating system, a compiler for a
high level language and the driver software for the data acquisition card. The driver
software must be compatible with the operating system and the high- level language
chosen for the application development. Various issues regarding the choice of operating
system, programming language and important features of the driver software are also
discussed in this chapter.

Operating system
The DMM-32-AT driver software (called DSCUD 5.0) supports Windows
95/98,Windows NT/2000,DOS 6.22 and Linux. Windows 95/98 and Windows NT/2000
are made for full-blown desktop applications. They need storage memory on the order of
120MB, which is not a proble m on a PC platform. In the case of the sag monitoring
instrument, compact flash (320MB capacity) and DiskOnChip (288MB capacity) are the
storage media used. Any of the Windows operating systems will occupy a significant
portion (roughly 40%) of the storage
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memory. DOS 6.22, however, needs only about 5MB of storage space for the system
files.
The only process performed by the sag monitoring instrument is data acquisition. The
multi-processing and multi-tasking capabilities that are provided by the Windows
platform are not required in the monitoring application. DOS 6.22, which is a singleprocessing and single-tasking operating system, is capable of supporting the data
acquisition task.
Virtual memory uses some portion of the storage memory as “pages” of RAM (main
memory). Virtual memory performs read and write operations on these pages in the
storage memory. In the case of a conventional IDE hard drive, multiple read/write
operations are not a problem. In the case of a compact flash and a DiskOnChip, however,
write operations can be performed only a finite number of times. Repeated writing of
pages on a solid state memory device will eventually lead to the failure of the device.
This repeated writing operation could be avoided by using DOS 6.22 as it does not use
the concept of virtual memory.
DOS 6.22 also supports Windows 3.11. This is a 16-bit operating system supported
by DOS 6.22 and allows graphics-based compilers to be used for developing application
programs. Windows 3.11 provides a convenient development environment on the sag
monitoring instrument. There is no need to develop applications on a different system and
then execute them on the instrument hardware.
Smaller memory requirements, simple implementation and less write operations are
the adva ntages offered by DOS 6.22. For these reasons, the DOS 6.22 operating system
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was chosen. The driver software implementation on DOS 6.22 is considered in the next
section.

Driver software
The DMM-32-AT driver software supports C/C++ languages. The driver software is
available on 16-bit as well as 32-bit platforms. Because DOS 6.22 is a 16-bit operating
system, the 16-bit driver version was used. The 16-bit version of the driver software
supports only Borland C compiler versions 4.5 and above. This compiler can be used on
Windows 3.11. As a result the application programs were developed in C using the
Borland 4.52 compiler under Windows 3.11.
The driver software uses C language structures for storing data acquisition
parameters. The structures are declared in a separate driver header file. The values of data
acquisition parameters are set through the application program. All the data acquisition
functions are declared in the same driver header file. These functions are made available
to the application through an application programming interface (API). Under DOS, the
API file is statically linked with the application program. The compiler needs the driver
header file, the driver API file and the application program to make the executable file.
The driver software forms a middle layer between the user application and the data
acquisition hardware. The user does not have to worry about the hardware
implementation and can concentrate on the actual application. The generic flow of a data
acquisition application program is shown in Figure 5.1
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Figure 5.1 Generic flow chart of a data acquisition application program
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The sag monitoring algorithm is developed using the concepts shown in Figure 5.1.
The sag monitoring instrument is intended for continuous and fast acquisition of voltage
data and it may run at a sag location for extended (months or years) periods. The huge
amount of memory required for such applications is impossible to realize in practice, so
real time data processing is required so that only relevant data is saved. The DMM-32AT driver software allows this real time analysis by providing a double buffered data
acquisition technique. This is discussed in the next section.
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Double buffered data acquisition
The most common method of data acquisition is what is called “single buffering.” In
this type of operation, a fixed number of samples are acquired at a specific rate and
transferred into computer memory for further analysis. Although single-buffered
applications are simple and efficient to implement, the amount of data that can be
acquired is limited to the amount of free memory available in the computer. As the
monitoring instrument may need to monitor for extended periods, using single-buffered
operation in continuous monitoring of data is not possible.
An alternative to single-buffered operations is double-buffered operations. In these
operations, the data buffer is configured as a circular buffer of a fixed size specified by
the user. When the end of the buffer is reached, data storage starts again at the beginning
of the buffer; overwriting the previous data. This process can continue indefinitely until
interrupted by an error or by a function call. Thus unlike single-buffered applications,
double-buffered applications can acquire data points indefinitely without requiring an
infinite amount of memory.
The circular data buffer is logically divided into two equal halves by the driver
software. Double buffered sequential data transfer is illustrated in figures 5.2(a) through
5.2(d) [12].
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Figure 5.2 (a) First half acquiring data
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Figure 5.2 (c) Data acquisition in the first half, data transfer the second half
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Figure 5.2 (d) Data transfer in the first half, data acquisition in the second half
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Circular buffer
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The double-buffered operation begins when the DAC starts writing data into the first
half of the buffer. This is shown in Figure 5.2(a). When the driver starts writing data to
the second half, an interrupt is generated to signal the application program the data from
the first half can be processed or stored in another buffer as needed. This is shown in
Figure 5.2(b). After the second half has been filled, another interrupt is generated to
indicate the application program that the second half can be utilized. The driver starts
overwriting the first half of the buffer with the new data while the data in the second half
is processed by the application as shown in Figure 5.2(c). This process is repeated
endlessly to produce a continuous stream of data. Figure 5.2(d) is equivalent to the step
shown in Figure 5.2(b).
For the double-buffered data acquisition to work correctly, the data acquisition
process (in one half) must be coordinated with the data transfer process (in the other
half). A mismatch between the two processes could lead to two possible errors. The first
possible source of error is the DAC device overwriting the data before it is transferred to
another storage location in the system memory. This results in missing data points. The
second possible source of error is the DAC overwriting the data that is being
simultaneously transferred. This results in a buffer having both “new” and “old” data.
These two scenarios can be avoided with careful hardware and software design
implementation. The processor selected should have as large a throughput (not just the
speed) as possible. As far as possible, the system should have a dedicated processor for
the double-buffered operations. The choice of programming language and the algorithm
used for data processing also impacts the efficiency of double-buffered operations.
Choice of operating system could also be one of the factors in successfully implementing
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CHAPTER VI
IMPLEMENTATION OF THE INSTRUMENT
All the hardware and software design issues of the sag monitoring instrument have
been discussed in the previous chapters. The final step is to integrate this information and
implement the sag monitoring algorithm in accordance with the IEC standards for sag
measurement. The implementation of the sag monitoring algorithm is discussed in this
chapter. In addition, the design aspects of the sag monitoring instrument from a power
engineer’s perspective are also presented in this chapter.

Sag algorithm
The sag algorithm that was used in the application program is shown in Figure 6.1.
This algorithm is based on the general program structure shown in Figure 5.1.
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Figure 6.1 Sag monitoring and recording algorithm

Start

Initialize
program
variables

Set data
acquisition
parameters.

Start scan
sampling

Data processing in
accordance with IEC
standards

Continue?
Yes
No
Stop

55

The sag monitoring algorithm was implemented for measuring sags on a 3-phase
system. Each of the “process” blocks shown in Figure 6.1 uses the hardware or the
software features discussed in the previous chapters. These process blocks are described
in the following sections.

Setting the program variables and the data acquisition parameters
The user sets the sag threshold voltage. The application program uses a sliding
reference voltage for detecting sags. The initial value of the sliding reference is also set
by the user. The initial value of the sliding reference is normally set to be equal to the rms
value of the nominal or rated voltage for the system.
In a practical sag monitoring application, the input voltage(s) to the instrument will be
scaled down by a transducer. The transducers must be chosen such that their output
signals are within the full-scale analog input range used by the application program. A
block diagram of the transducer and sag monitoring instrument setup is shown in Figure
6.2.

Figure 6.2 Transducer- instrument setup
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As discussed in the previous chapter, the driver software provides C structures for
setting acquisition parameters. The individual structure member values are set through
the application program. The data acquisition parameters that are required in the
application program are summarized in Table 6.1. It should be noted that other values
could be used if necessary. For example, a given hardware platform might already use
IRQ 7.In this case another interrupt should be used.

Table 6.1 Data acquisition parameters used in the application program
Parameter
Base address
Interrupt level used
Sampling method
On board clock frequency
Analog input voltage range
Analog input polarity
Gain
Buffer size
Conversion rate
Cycle mode
Analog input channel range
(Single-ended)
FIFO
FIFO depth

Value
0x300 (Hex)
7
Scan sampling
10 MHz
5V
Bipolar
1
96
1920 Hz
True
0-2
Enabled
48 (Half the buffer size)

The DMM-32-AT base address and interrupt number are set by selecting the on-board
jumpers. The base address and the interrupt level must also be passed to the C structure in
the application program. Using the wrong base address or interrupt level in the program
can cause improper operation or application failure. Interrupt conflicts between resources
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Implementation of the IEC standards in the algorithm
The initial value of the sliding reference and the voltage thresholds are set by the user.
Once the double buffered data acquisition starts, the application program processes one
half cycle of data for each phase at a time. The program arrays store 24 half cycles (12
cycles) worth of data for each phase. After 24 half cycles worth of data are acquired, the
sliding reference value is updated using Equation (2.1) in Chapter II. The threshold value
of the voltages is also updated accordingly. The application program also calculates the
rms value of each input voltage every half cycle. Each rms value is compared with the
voltage threshold to check if there is any sag in the voltages. If no sags occur, this process
would continue indefinitely.
For a 3-phase system, a sag begins when the voltage of at least one phase falls below
the start threshold and ends when the voltages of all the three phases are above the end
threshold. If the application program detects a sag in any one of the input voltages, a
counter is initialized and counts the number of half cycles for which the sag lasts. The
minimum rms voltage recorded during the sag period on each phase is also stored. After
the sag is over, the sag duration and the retained voltages for each phase are written in a
text file with a date and time stamp. This sag monitoring algorithm based on the IEC
standards is shown in Figure 6.3.

60

Figure 6.3 Sag-monitoring based on the IEC standards
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In summary, the sag algorithm implementation has been discussed in this chapter.
Data acquisition parameters and the program algorithm based on the IEC sag measuring
standards were considered. Considering this and the previous chapters the design of the
sag monitoring instrument on PC/104 platform has been discussed completely. The
performance of the instrument using test waveforms is presented in the next chapter.

CHAPTER VII
INSTRUMENT PERFORMANCE
The hardware, the software and the application design phases of the sag- monitoring
instrument were discussed in the Chapters II through Chapter VI. The final step is to test
the instrument with voltage waveforms containing known sags. Waveforms containing
known sags were generated using a programmable function generator. The instrument
testing procedure and the results are presented in this chapter.
The IEC standard 61000-4-30 specifies two classes of measurement performance.
These are used to benchmark the performance of the sag monitoring instrument.

Classes of performance
The IEC standard 61000-4-30 defines two classes of measurement performance. The
first performance class, called Class A, is used where precise measurement is necessary.
The second performance class is called Class B and is used as an indicator of
performance where high accuracy is not required. Class A accuracy is used in verifying
compliance with standards, resolving disputes etc. Class B indicator performance is
recommended for statistical surveys, troubleshooting applications, etc. For sag measuring
applications, duration and residual voltage accuracy requirements for class A and class B
are given in Table 7.1.
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Results
The monitoring instrument records the sag duration and the retained voltage. The data
recorded by the instrument is compared with the known sag content. As discussed in
Chapter II, the sag monitoring instrument has two different hardware setups, one using
the WinSystems CPU and the other using the MSMP3/SEV CPU from Advanced Digital
Logic. The sag data recorded by the instrument on the WinSystems CPU is shown in
Table 7.2(a) and Table 7.2(b). The corresponding data recorded by the MSMP3/SEV
CPU is summarized in Table 7.3(a) and Table 7.3(b). The known (programmed) sag
duration of the test waveforms are indicated in the first column of each table. The known
sag depths or the retained voltages during the sag periods are indicated in the first row of
each table. Note that sag depths are expressed as a percentage of the rms value of the
reference voltage. Sag duration and the percentage sag depths recorded by the instrument
are indicated in the remaining rows and columns. The first row in each cell is the number
of sag cycles recorded by the instrument. The second row in each cell is the retained
voltage in percentage recorded by the instrument. Note that each duration and magnitude
pair was tested repeatedly. The threshold voltage for all the measurements is 95% of the
sliding reference.
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Table 7.2(a) Sag data recorded using the WinSystems CPU
(Retained voltage varying from 90% to 50%)
Retain
ed vol.(%)
Sag
duration
(cycle)
1
2
3
6
10
14
20
25
30
35
60

90

0.5-2,
variable
1.5-3,
89.9-90
2.5-4,
89.9 – 90
5.5-7,
89.9 – 89.99
9.5,
89.95 – 89.99
13.5-15,
89.95-90.03
19.5-21,
89.97 – 90.1
24.5-26,
9.95 – 90
29.5-31,
90-90.1
34.5-36,
89.99- 90.02
59.5-61,
90- 90.05

85

1-2,
variable
2-3,
84.9 – 85
3-4,
84.9 – 85
6-7,
84.9-85
10-11,
84.9-85.05
14-15,
84.99 – 85
20-21,
84.99- 85.1
25-26,
84.95 – 85.05
30-31,
84.95 – 85.05
35-36,
85 –85.01
60-61,
84.95 – 85

80

1-2,
variable
2-3,
79.9-80
3-4,
79.9 – 80
6-7,
79.9 – 80
10-11,
79.9 – 80
14-15,
79.95 – 80
20-21,
80 – 80.08
25-26,
79.95 – 80.05
30-31,
79.99 – 80.02
35-36,
79.95-80.05
60-61,
79.9 –80

70

1-2,
variable
2-3,
69.9-70
3-4,
69. – 70
6-7,
69.9 – 70.05
10-11,
69.9 – 69.95
14-15,
69.95 – 70
20-21,
69.98 – 70
25-26,
69.9 – 70
30-31,
69.95 – 70.05
35-36,
69.9-70.05
60-61,
69.9 –70

60

1-2,
variable
2-3,
59.9 – 60.05
3-4,
59.9 – 60
6-7,
9.9 – 59.99
10-11,
59.9 – 59.95
14-15,
9.95 – 60
20-21,
59.98 - 60.05
25-26,
59.95 – 60
30-31,
59.98 - 60.03
35-36,
59.98 – 60.05
60-61,
59.95- 60.05

50

1-2,
variable
2-3,
49.9 – 50.05
3-4,
49.9 – 50.05
6-7,
49.95 – 50.0
10-11,
49.95 – 50.05
14-15,
49.9 – 50.05
20-21,
49.99 – 50.05
25-26,
49.95 – 50.1
30-31,
49.95 – 50.05
35-36,
49.95 – 50.05
60-61,
49.95-50.05
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Table 7.2(b) Sag data recorded using the WinSystems CPU
(Retained voltage varying from 40% to 0%)
Retained
vol.(%)
Sag
duration
(cycle)
1
2
3
6
10
14
20
25
30
35
60

40

0.5-2,
variable
1.5-3,
39.9- 40.05
2.5-4,
39.95 – 40
5.5-7,
39.95 – 40.0
9.5-11,
39.95 – 39.99
13.5-15,
39.95 – 40
19.5-21,
9.95 – 40.05
24.5-26,
40.01 – 40. 05
29.5-31,
39.99 – 40
34.5-36,
39.98 – 40.05
59.5-61,
39.95 – 40.01

30

1-2,
variable
2-3,
29.95- 30.05
3-4,
29.9 – 29.95
6-7,
29.9 – 29.95
10-11,
29.9 – 29.99
14-15,
29.9 – 29.95
20-21,
29.95 – 30.03
25-26,
29.95- 30
30-31,
29.95 – 30.05
35-36,
29.97 – 30.01
60-61,
29.95 – 30.05

20

1-2,
variable
2-3,
19.85- 19.95
3-4,
19.9 – 19.95
6-7,
19.95 – 20
10-11,
19.9 – 20
14-15,
19. 9 – 19.95
20-21,
19.9 – 20
25-26,
19.9 – 19.95
30-31,
19.9 – 19.95
35-36,
19.9 –19.95
60-61,
19.95-20.0

10

1-2,
variable
2-3,
9.93 – 10
3-4,
9.9- 10
6-7,
9.95-10
10-11,
9.9 10
14-15,
9.9 – 10
20-21,
9.9 9.95
25-26,
9.9 – 9.95
30-31,
9.9- 9.95
35-36,
9.95 –10
60-61,
9.95 – 10

0

1-2,
variable
2-3,
0.2 – 0.25
3-4,
0.15 – 0.25
6-7,
0.15-0.25
10-11,
0.15-0.25
14-15,
0.15 – 0.2
20-21,
0.1 – 0.25
25-26,
0.15-0.25
30-31,
0.1 –0.25
35-36,
0.15 –0.25
60-61,
0.15 –0.25
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Table 7.3(a) Sag data recorded using the MSMP3/SEV CPU
(Retained voltage varying from 90% to 50%)
Retain
ed vol.(%)
Sag
duration
(cycle)
1
2
3
6
10
14
20
25
30
35
60

90

0.5-2,
variable
1.5-3,
89.9-90
2.5-4,
89.9 – 90
5.5-7,
89.9 – 89.99
9.5,
89.95 – 89.99
13.5-15,
89.95-90.03
19.5-21,
89.97 – 90.1
24.5-26,
9.95 – 90
29.5-31,
90-90.1
34.5-36,
89.99- 90.02
59.5-61,
90- 90.05

85

1-2,
variable
2-3,
84.9 – 85
3-4,
84.9 – 85
6-7,
84.9-85
10-11,
84.9-85.05
14-15,
84.99 – 85
20-21,
84.99- 85.1
25-26,
84.95 – 85.05
30-31,
84.95 – 85.05
35-36,
85 –85.01
60-61,
84.95 – 85

80

1-2,
variable
2-3,
79.9-80
3-4,
79.9 – 80
6-7,
79.9 – 80
10-11,
79.9 – 80
14-15,
79.95 – 80
20-21,
80 – 80.08
25-26,
79.95 – 80.05
30-31,
79.99 – 80.02
35-36,
79.95-80.05
60-61,
79.9 –80

70

1-2,
variable
2-3,
69.9-70
3-4,
69. – 70
6-7,
69.9 – 70.05
10-11,
69.9 – 69.95
14-15,
69.95 – 70
20-21,
69.98 – 70
25-26,
69.9 – 70
30-31,
69.95 – 70.05
35-36,
69.9-70.05
60-61,
69.9 –70

60

1-2,
variable
2-3,
59.9 – 60.05
3-4,
59.9 – 60
6-7,
9.9 – 59.99
10-11,
59.9 – 59.95
14-15,
9.95 – 60
20-21,
59.98 - 60.05
25-26,
59.95 – 60
30-31,
59.98 - 60.03
35-36,
59.98 – 60.05
60-61,
59.95- 60.05

50

1-2,
variable
2-3,
49.9 – 50.05
3-4,
49.9 – 50.05
6-7,
49.95 – 50.0
10-11,
49.95–50.05
14-15,
49.9 – 50.05
20-21,
49.99–50.05
25-26,
49.95 – 50.1
30-31,
49.95 -50.05
35-36,
49.95 -50.05
60-61,
49.95-50.05
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Table 7.3(b) Sag data recorded using the MSMP3/SEV CPU
(Retained voltage varying from 90% to 50%)
Retaine
d vol.(%)
Sag
duration
(cycle)
1
2
3
6
10
14
20
25
30
35
60

40

0.5-2,
variable
1.5-3,
39.9- 40.05
2.5-4,
39.95 – 40
5.5-7,
39.95 – 40.0
9.5-11,
39.95 – 39.99
13.5-15,
39.95 – 40
19.5-21,
9.95 – 40.05
24.5-26,
40.01 – 40. 05
29.5-31,
39.99 – 40
34.5-36,
39.98 – 40.05
59.5-61,
39.95 – 40.01

30

1-2,
variable
2-3,
29.95- 30.05
3-4,
29.9 – 29.95
6-7,
29.9 – 29.95
10-11,
29.9 – 29.99
14-15,
29.9 – 29.95
20-21,
29.95 – 30.03
25-26,
29.95- 30
30-31,
29.95 – 30.05
35-36,
29.97 – 30.01
60-61,
29.95 – 30.05

20

1-2,
variable
2-3,
19.85- 19.95
3-4,
19.9 – 19.95
6-7,
19.95 – 20
10-11,
19.9 – 20
14-15,
19. 9 – 19.95
20-21,
19.9 – 20
25-26,
19.9 – 19.95
30-31,
19.9 – 19.95
35-36,
19.9 –19.95
60-61,
19.95-20.0

10

1-2,
variable
2-3,
9.93 – 10
3-4,
9.9- 10
6-7,
9.95-10
10-11,
9.9 10
14-15,
9.9 – 10
20-21,
9.9 9.95
25-26,
9.9 – 9.95
30-31,
9.9- 9.95
35-36,
9.95 –10
60-61,
9.95 – 10

0

1-2,
variable
2-3,
0.2 – 0.25
3-4,
0.15 – 0.25
6-7,
0.15-0.25
10-11,
0.15-0.25
14-15,
0.15 – 0.2
20-21,
0.1 – 0.25
25-26,
0.15-0.25
30-31,
0.1 –0.25
35-36,
0.15 –0.25
60-61,
0.15 –0.25
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7KH IDFWV WKDW VDJ GXUDWLRQ UHFRUGHG E\ WKH LQVWUXPHQW FDQ YDU\ DQG WKH LQVWUXPHQW
FDQ QRW UHOLDEO\ SUHGLFW WKH UHWDLQHG YROWDJHV LQ WKH FDVH RI RQH F\FOH VDJV QHHG IXUWKHU
DQDO\VLV
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Variation in the sag duration
As mentioned in the last chapter, the DAC acquires 16 samples per one half cycle.
Once the 16 samples are acquired, the program updates the rms value. But the data
acquisition can begin at any arbitrary point on the voltage wave. There is no guarantee
that the DAC would start acquiring data at zero crossing of the cycle containing sag. Due
to this fact, there might be a variation of up to one cycle in the sag duration recorded by
the sag. This point is clarified further with the help of Figure 7.4 and Figure 7.5.

Figure 7.2 Data acquisition not beginning at the zero crossing
5

1

4
3

6

5

2

7

127

121

115

109

103

97

91

85

6

79

73

67

61

55

49

43

37

31

25

19

13

7

1

Voltage(v)

5

4

3

0

-3

4

1

1

-2

3

rms calculation

2

-1

2

-4
-5
Sample data point

A 2-cycle, 40% retained voltage sag is shown in Figure 7.2. In the figure, the data
acquisition begins at the peak of the waveform instead of at the positive going zero
crossing of the waveform. The instrument will detect the sag for six half cycles or 3
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cycles. But if the data acquisition begins at the zero crossing as illustrated in Figure 7.3,
the sag will be measured for five half cycles or 2.5 cycles.
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Figure 7.3 Data acquisition beginning at the zero crossing
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In conclusion, it can be said that depending on the point on the waveform where the
data acquisition begins, the sag duration recorded will vary up to one cycle. The fact that
sag duration recorded by the instrument may be longer by up to a cycle is not a cause for
concern. Class A sag duration accuracy is one cycle and the instrument still meets this
performance accuracy. Also, the instrument will never record a sag duration that is
shorter than the actual sag. Therefore, variations in the sag duration if any, will be on the
conservative side. The fact that the sag duration recorded in the case of 90% retained
voltage is investigated next.
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Figure 7.4 2 cycle sag with 90% retained voltage
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A 2 cycle, 90% voltage sag is shown in Figure 7.4. The voltage threshold is set to
95%. In the ideal case, the rms values recorded in the cycles 1-2 and 5-6 would be
exactly 95% of the reference. The instrument will not record the sag in the cycles 1-2 and
5-6 shown in the figure. The sag will be recorded only in the half cycles 3,4 and 5.
Therefore, the sag will be recorded for one and a half cycles instead of two cycles. In
practice, due to the imperfections in the test waveforms, the actual rms value during the
cycles 1-2 and 5-6 may be slightly over or under 95%. Accordingly the sag duration
recorded can vary from one and a half cycles to three cycles. This is true in general for a
sag of any duration with 90% retained voltage. Although the duration accuracy in this
case does not meet Class A performance, this is not a serious limitation. Note that the
threshold voltage for the testing purpose was set to 95%. This threshold is too high for a
practical system. Threshold voltage in a practical power system is between 80% to 90%
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of the reference voltage [4]. Any variation in the system voltage within 95% to 90% may
not be considered as a sag at all. This variation would be considered as flicker instead of
a sag. For sags with any other retained voltage, the instrument will record the sag
duration within Class A accuracy limit. The last issue to be resolved is the retained
voltage recorded by the instrument in the case of one cycle sags.

Unpredictable retained voltage measurement for one cycle sags
The fact that the process of data acquisition can begin at any arbitrary point on the
waveform also causes uncertainty in the retained voltages measured in the case of one
cycle sags. This point is illustrated by considering one cycle, 0% retained voltage sag
shown in Figure 7.5.

Figure 7.5 One cycle, 0% retained voltage sag
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If the data acquisition begins at the zero crossing of the waveform, the retained
voltage recorded will be 0% (rms value of the cycle 2-3). But since the data acquisition
can begin at any point over the wave, there is no guarantee that instrument will calculate
this value. In one of the sample runs, the data acquired for a one- cycle 0% retained
voltage sag by the instrument is shown in Figures 7.6(a) and 7.6(b).

Figure 7.6(a) Data acquisition not beginning at zero crossing
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Figure 7.6(b) Data acquisition not beginning at zero crossing
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The retained voltage calculated in this case is 35.3% and not zero. Therefore for any
one cycle sag, the instrument will not be able to calculate the retained voltage accurately.
For higher retained voltages, the error in the measurement will be less.
Again, it should be noted that one cycle sags do not occur often in practice. It usually
takes longer than one cycle to clear any fault. For all the other sag durations, the
instrument calculated retained voltages within Class A accuracy limit.
In conclusion, the performance of the sag monitoring instrument has been discussed
in this chapter. The instrument performed satisfactorily on both the hardware setups. Sag
duration and retained voltage measurement accuracy of the instrument satisfies Class A
performance in most of the test cases. The errors recorded in some of the test cases are
not a serious hindrance to the performance of the instrument.

&+$37(59,,,
&21&/86,21
7KHPDWHULDOSUHVHQWHGLQWKLVGRFXPHQWVXPPDUL]HGWKHGHVLJQDQGLPSOHPHQWDWLRQ
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HUURUGXULQJWHVWLQJ
7KHLQVWUXPHQWLPSOHPHQWHGVDJPRQLWRULQJEDVHGRQWKH,(&VWDQGDUGVDQGWKHUHLV
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stable design of the instrument. All the objectives that were established in Chapter I have
been achieved.
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